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ABSTRACT

          This thesis entitled “Carbohydrates to Carbocycles: Synthesis of pentenomycins, 6-epi-pentenocin B, gabosine C and a new approach to carbafuranoses” is divided into three chapters.

Chapter-I: It is further sub-divided into two sections.
Section A: It deals with the “Stereoselective synthesis of (-)- and (+)-pentenomycins using RCM”.
Section B: It deals with the “Stereoselective approach to pentenocins using RCM: synthesis of 6-epi-pentenocin B”.

Chapter-II: It deals with the “Stereoselective synthesis of (-)-gabosine C using Nozaki-Hiyama-Kishi reaction and RCM”.

Chapter-III: It deals with the “A new approach to carbafuranoses: Synthesis of 2,3-O-isopropylidene-4a-carba--D-lyxofuranose”. 

CHAPTER-I:
Section A: Stereoselective synthesis of (-) and (+)-pentenomycins using RCM.

          Highly oxygenated cyclopentenoid skeletons are of increasing interest because of their variety of biological activities, such as, glycosidase inhibitors, aminoglycosidase antibiotics and carbanucleosides. (-)-Pentenomycin 1 isolated from culture broths of Streptomyces eurythermus by Umino and co-workers, is known to exhibit potential antibiotic activity (fig-1). It shows moderate activity against a variety of both gram positive and gram negative bacteria including Neisseria meningitidis and Neisseria gonorrhoeae. Thus, the synthesis of pentenomycin 1 have been attracted considerable attention of synthetic chemists due to its fascinating structural, stereochemical and biological properties. Although its structure seems to be simple, its synthesis is not an easy task owing to its sensitivity towards acids and bases, and also due to the presence of a tertiary chiral center.

         Even though there have been approaches to synthesize (-)-pentenomycin 1 including racemic, as well as enantiopure, but there were no reports on the synthesis of unnatural (+)-pentenomycin 2. Herein we report a common strategy for an efficient synthesis of (-)-and (+)-pentenomycins 1 and 2 starting from commercially available D-mannose and D-ribose respectively, by using reductive iodo elimination under sonication and RCM.

                               

         



             For the synthesis of (-)-pentenomycin 1, D-mannose 3 was taken as starting material. First, D-mannose was converted to 2,3:5,6-di-O-isopropylidene-D-mannofuranose 4. The hydroxymethyl group was introduced on 4 with aqueous CH2O in the presence of K2CO3 to afford 5. The primary hydroxyl group in 5 was protected as silyl ether to give 6 by treating 5 with TBDPS-Cl, imidazole. The hydroxy compound 6 was converted to methyl ether derivative 7 by treating with MeI, and NaH in THF. Selective deprotection of acetonide gave diol 8. Cleavage of diol 8 with NaIO4, gave aldehyde 9 which on reduction with NaBH4 afforded the alcohol 10. Treatment of 10 with I2, PPh3, imidazole furnished iodo compound 11 (scheme-1).

          When iodo compound 11 was subjected to reductive elimination by treating with the activated Zn under sonication conditions gave aldehyde 12. The resulting crude aldehyde 12 was treated with vinyl-magnesium bromide to afford the corresponding allylic alcohol 13 as a mixture of diastereomers. Treatment of 13 with Grubbs’ first-generation catalyst (0.1eq.) yielded 14. PDC oxidation of 14 gave the cyclopentenone 15. 
Deprotection of silyl group of 15 with HF-Py gave crystalline alcohol 16. Deprotection of acetonide with 90% TFA culminated in an efficient synthesis of target (-)-pentenomycin 1, whose spectral and physical data was agreement with reported values (scheme-2).

           We further explored the same strategy for the synthesis of unnatural (+)- pentenomycin 2, starting from commercially available D-ribose 17. D-ribose 17 was converted to 2,3-O-isopropylidene-D-ribose 18. The primary hydroxyl group in 18 was selectively protected with tritylchloride to give 19, which was then subjected to aqueous CH2O, K2CO3 conditions to afford hydroxymethyl compound 20. The product 20 was treated with TBDPS-Cl and imidazole to give a silyl ether 21. Treatment of 21 with MeI, NaH yielded methyl ether derivative 22. Under HCO2H:Et2O (1:1) conditions detritylation taken place to afford alcohol 23. Compound 23 was converted to iodo compound 24 with I2, PPh3, imidazole.  Reductive elimination of 24 with activated Zn under sonication conditions (scheme-3) yielded olifinic aldehyde 25, which was further treated with vinyl-magnesium bromide gave allyl alcohol 26. Finally (+)-pentenomycin 2 was synthesized by using the above-described conditions as in scheme-1 for (-)-pentenomycin 1 (scheme-4). The spectral data of 2 was agreement with the (-)-isomer 1.


         

   

              
















           
            
           In summary, we have accomplished a common strategy for the synthesis of (-)-and (+)-pentenomycins using reductive iodo elimination and RCM, starting from commercially available D-mannose and D-ribose respectively in good yields.






Section-B: Stereoselective approach to pentenocins using RCM: synthesis of 6-epi-pentenocin B.

            Oxygenated cyclopentenones are important bioactive compounds in nature. Pentenocin A 30 and B 31 were isolated by Ōmura and co-workers in 1999 from the culture broth of Trichoderma hamatum FO-6903 as an active agent against recombinant human Interleukin-1 converting enzyme (ICE). ICE is also known as caspase-1, a unique cystien protease that cleaves the inactive precursor of IL-1 in to biologically active IL-1, a key mediator in the pathogenesis of acute and chronic inflammation. The absolute stereochemistry of pentenocin B was determined by Susumu Ohira and Tsutomu Sugahara groups independently by synthesizing all possible diastereomers and confirmed to be 4S, 5R and 6R as shown in 31 (Fig-2) and only these two are the reports for the synthesis of pentenocin B 31. 








           In continuation of our efforts in synthesis of biological active oxygenated cyclopentenones by RCM, a new approach was developed for the synthesis of pentenocins skeleton. Herein we report the synthesis of 6-epi​-pentenocin B 32 using the stereoselective Grignard reaction and RCM as the key steps (scheme-5). 2,3-O-isopropylidene-D-ribose 18 was transformed to the hydroxymethyl compound 33 based on reported procedure. The primary hydroxyl group in 33 was selectively acetylated with Ac-Cl, DIPEA in DCM at –78 oC to give compound 34. The anomeric hydroxyl functionality of 34 was protected with TBDPS-Cl to afford silyl ether 35. Treatment of 35 with Na (4 eq.) in anhydrous MeOH for a period of 12 h. at room temperature yielded 
the only one isomer 36 along with hydroxymethyl compound 33. The structure of 36 was confirmed by its NOE spectra. Oxidation of alcohol 36 under Swern conditions gave the aldehyde 37, which was allowed to react with methyl magnesium iodide at –78 oC to give the expected alcohol 38 as a major isomer (9:1 ratio based in 1H NMR). Based on the chelation control, we assumed that the major isomer is alcohol 38. Alcohol functionality in 38 was protected as the MOM ether 39 using MOM-Cl, DIPEA, TBAI (cat.) and then the TBDPS group was cleaved with TBAF to give lactol 40. Wittig olefination on 40 yielded the diene 41. Treatment of diene 41 with Grubbs’ first-generation olefin metathesis catalyst in DCM furnished the cyclopentenol 42. TEMPO oxidation of the alcohol 42 gave the required protected epi-pentenocin B 43. The NMR data is in good agreement with reported data of () 43. Removal of the MOM and acetonide protecting groups in 43 with 90% TFA culminated a stereoselective synthesis of 6-epi-pentenocin B 32, whose spectral and physical data were in agreement with reported values. 


















In summary a new approach for the constructing of pentenocins skeleton was designed and 6-epi-pentenocin B 32 was achieved using stereoselective Grignard reaction and RCM as the key steps.

Chapter-II: Stereoselective synthesis of (-)-gabosine C using Nozaki-Hiyama-Kishi (NHK) reaction and RCM.

              The gabosines, a class of carbasugars, have been isolated from Streptomyces strains.  The majority contains trihydroxylated hydroxymethyl cyclohexenone structures as their common skeleton. These unsaturated carbasugars present structural diversity due to variations at three asymmetric centers and differing substitutions at C-2 or C-3 as in structures 44 and 45 (fig-3). Gabosines and related natural products are known to exhibit a variety of biological activities such as antiprotozoal activity, DNA binding properties, and inhibition of glyoxalase-I and glycosidases. Gabosine related derivatives have been used as intermediates for the synthesis of biologically active compounds such as an L-fucosyltransferase inhibitor, valienamine and derivatives and a pseudosugar C disaccharide.

             (-)-Gabosine C 46, identical to the antibiotic (-)-KD16-U1, was isolated in 1974 from the culture broth of Streptomyces filipensis. It has been transformed into (-)-COTC 47 a glyoxalase I inhibitor, by treatment with crotonic acid and BF3.OEt2. (-)-COTC, (2-crotonyloxymethyl-(4R,5R,6R)-trihydroxycyclohex-2-enone) 47 was isolated from the culture broth of Streptomyces griseosporeus by Umezawa et al. as cytotoxic and potentially cancerostatic with low toxicity and has been shown to act synergistically with aclarubicin, an anticancer drug.

            Considering their fascinating structures, biological activities and versatility as synthons, we are interested in developing a new general access to the gabosine skeleton and have focused on the preparation of (-)-gabosine C 46 using the Nozaki-Hiyama-Kishi reaction and RCM as the key steps. Although there are several reports of the synthesis of 46 and 47, our strategy is short and straightforward and is also useful for making other gabosine skeletons from carbohydrates. 

            Our approach to the synthesis of (-)-gabosine C 46 is shown in Scheme-6. 2,3-O-Isopropylidene-D-ribose 18 was converted to 2,3-O-isopropylidene-L-erythronolactol 48 using a known procedure. A Grignard reaction on 48 using a reported protocol afforded diol 49 as the major isomer with high stereoselectivity. Selective protection of the primary hydroxyl group in 49 with Piv-Cl, in the presence of 2,6-lutidine gave 50 and then the secondary hydroxyl group was protected as the MOM ether to give 51. Deprotection of the Piv group in 51 with NaOMe gave the alcohol 52. Oxidation of the alcohol 52 under Swern conditions yielded the aldehyde 53. Using a Nozaki-Hiyama-Kishi reaction, aldehyde 53 was treated with the iodo compound 59 (prepared from propargyl alcohol in two steps Scheme-7), CrCl2 and NiCl2 in DMF to afford a diastereomeric mixture of dienes 54 (as a 1:1 diastereomeric mixture at the newly created chiral center). Treatment of these dienes 54 with Grubbs’ second-generation olefin metathesis catalyst I in CH2Cl2 at 80 oC furnished the cyclohexene 55 in 56% yield. Oxidation of alcohol 55 with PDC yielded the required compound 56. Finally, removal of the MOM, THP and acetonide occurred in one step with Amberlyst®15 in THF:H2O (2:1) at 80 oC to afford (-)-gabosine C 46 which was purified by column chromatography and then crystallized from EtOAc to give a white solid whose physical and spectral data were 
in agreement with the reported values. Conversion of (-)-gabosine C 46 to its crotyl ester derivative (-)-COTC 47 has been reported previously by the Umezawa group.







             

           






     
            In summary we have synthesized (-)-gabosine C, 46 using a Nozaki-Hiyama-Kishi reaction and RCM as the key steps. This strategy is suitable for synthesizing polyhydroxylated cyclohexene systems in general.

Chapter-III: A new approach to carbafuranoses: synthesis of 2,3-O-isopropylidene-4a-carba--D-lyxofuranose.

	The term “pseudo-sugar” is the name that has been used for a class of compounds wherein the ring-oxygen atom of a cyclic monosaccharide is replaced by a methylene group.  The term, which is vague, was first proposed by the American Professor G.E. McCasland and coworkers when they synthesized the first such compound, which they called “pseudo--DL-talopyranose”.  Suami. et. al proposed the definitive prefix “carba,” preceded, where considered necessary, by the appropriate locant (“4a” for an aldofuranose, or “5a” for an aldopyranose), will be employed instead of “pseudo,” thus making the names amenable to indexing.

	Historically, the name pseudo-oligosaccharides had been used to designate oligosaccharides containing nontypical “sugars,” such as cyclitols or aminocyclitols, and also those containing carba-sugars or amino carba-sugars.

	There are two forms of carba-sugar: carba-pyranoses and-furanoses.  The former, especially the carba-hexopyranoses, have been extensively studied during the past two decades, ever since their derivatives were found in Nature as components of important antibiotics.  However, very little is known about carba-furanoses. 

            As part of our continues research in the field of carbocycles, we have interested to develop a new strategy for the synthesis of carbafuranoses and achieved the synthesis of 2,3-O-isopropylidene-4a-carba--D-lyxofuranose 72. We assumed that, the cyclopentenols 60 and 61 are suitable intermediates for some carbafuranoses e.x:  4a-carba--D-lyxofuranose 62, 4a-carba--L-ribofuranose 63, 4a-carba--D-ribofuranose 64, 4a-carba--L-lyxofuranose 65, and aristeromycin 66 etc. (fig-4). 


           Interestingly, to the best of our knowledge, the intermediates 60 and 61 are not reported in the literature to date. We have interested to develop a new approach for compounds 60 and 61 in a straight way. 
         We assumed that we could obtain the intermediate 60 by treating of lactone 69 with tebbe reagent (2.2 eq.), in one pot without isolating the any intermediate (scheme-8). We have chosen tebbe reagent for this transformation because of its olefinating nature and also acidic nature.


           Our approach for the synthesis of carbafuranoses is shown in scheme-9. The 2,3-O-isopropylidene-D-ribofuranose 18 was oxidized selectively to give lactone 67 with Br2, BaCO3 in water. The lactone 67 on reaction with aq.NaOH solution at 40 oC for 10 min. and then oxidative degradation with NaIO4 yeilded lactol 68. The hydroxyl functionality in lactol 68 was protected as isopropyl ether in acidic medium using isopropanol and PPTS (cat.) to give 69. After achieving the lactone 69, which was a starting material for our key step with Tebbe reagent, we turned our efforts for the synthesis of cyclopentene intermediate 60. The lactone 69 was treated with tebbe reagent (2.2 eq.) in THF solution at 0 oC for 1 h. smoothly yielded the expected cyclopentene 60 in 40% yield. The stereochemistry at newly created center was confirmed by NOE spectra. The compound 60 was allowed to react with BH3.Me2S and then oxidative hydrolysis with H2O2/NaOH yielded the 2,3-O-isopropylidene-4a-carba--D-lyxofuranose 72 (52%) as a major and 2,3-O-isopropylidene-4a-carba--L-ribofuranose 73 (26%) as a minor. The spectral data of compound 72 was in good agreement with the reported data. Transformation of compound 72 to 4a-carba--D-lyxofuranose 62 was reported earlier by Herfried Griengel group via cleavage of isopropylidene group with 80% AcOH, acetylation and deacetylation.

























           After successfully achieving the intermediate 60, we then turned our efforts to prepare compound 61 using the similar strategy (scheme-10). Accordingly the 2,3;5,6-di-O-isopropylidene-D-mannofuranose 4 was subjected to tempo oxidation (Tempo free radical (cat.), NaBr, NaOCl, NaHCO3) gave lactone 74 in 78% yield. The 5,6-isopropylidene group in lactone 74 was selectively deprotected using Dowex X50W X4 resin in MeOH:H2O (1:1) to yield the diol 75 in 70% yield. The diol 75 was treated with aq.solution of NaOH and then aq.solution of NaIO4 to get the compound 76 in 85% yield. The hydroxyl group in 76 was protected as isopropyl ether using isopropanol, PPTS (cat.) 



to give lactone 77 in 84% yield. The lactone 77 was allowed to react with Tebbe reagent (2.2 eq.) in THF solution at 0 oC for 1 h. yielded intermediate 61 in 38% yield whose spectral data was in good agreement with the intermediate 60.

           In conclusion, we have demonstrated the utility of carbohydrates as good starting materials for the synthesis of carbocycles like (-)- and (+)-pentenomycins, 6-epi-pentenocin B, (-)-gaboosine C and developed a new approach to carbafuranoses by using the reductiveiodo elimination, stereoselective Grignard reaction, Nozaki-Hiyama-Kishi (NHK) reaction, ring closing metathesis (RCM), and Tebbe reagent are the good synthetic tools.
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